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SUMMARY
Providing broilers diets formulated to a high amino acid density early in life improves subsequent

growth performance and meat yield. Diets formulated to high amino acid concentrations beyond
5 wk of age may increase breast meat yield but may not be economically justified. This study
examined growth, meat yield, and economic responses of broilers provided diets varying in amino
acid density from 36 to 59 d of age. Birds were given a 4-phase feeding program: starter (1 to 17
d), grower (18 to 35 d), withdrawal-1 (WD1; 36 to 47 d), and withdrawal-2 (WD2; 48 to 59 d of
age). All birds were fed a common, high amino acid density diet to 35 d of age (HH). Broilers
were provided diets characterized as being high (H), moderate (M), or low (L) in amino acid
density for the WD1 and WD2 periods. Dietary treatments were HHHH, HHHM, HHHL, HHMM,
HHML, and HHLL from d 1 to 59, with H, M, and L representing the diets fed during each of
the 4 periods (starter, grower, WD1 and WD2).

Cumulative feed conversion was improved when the HHHH feeding regimen was fed, whereas
other final live performance measurements were not affected. Decreasing amino acid density (HHLL
and HHHL) limited yields of breast fillets, tenders, and total white meat when compared with the
HHHH regimen. As amino acid density decreased from HHHH to HHHM, HHMM, and HHML,
carcass yield and breast meat yield were not affected. In general, providing the HHHH feeding
regimen increased economic gross feeding margin compared with the other dietary treatments.
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DESCRIPTION OF PROBLEM

Heavy broilers represent approximately 16%
of the total broilers marketed in the United States
[1]. Over the last decade, market weight of heavy
broilers has been increasing and it is not uncom-
mon for some complexes to market broilers of

1Mention of trade names or commercial products in this publication is solely for the purpose of providing specific information
and does not imply recommendation or endorsement by the USDA.

2Corresponding author: bdozier@msa-msstate.ars.usda.gov

3.7 kg or larger. The demand for breast fillets
and value-added products has prompted primary
breeding companies to develop high-yielding
broilers destined to a market weight of >3.3 kg.

These newly developed broiler strains are
characterized as late developing, and may have
higher dietary nutrient needs as they approach
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Table 1. Ingredient and calculated nutrient composition
of diets provided to male and female broilers from
placement until 35 d of age1

Starter − H Grower − H
Ingredient, % (as-is) (1 to 17 d) (18 to 35 d)

Ground corn 60.74 64.53
Soybean meal (48% CP) 28.36 24.93
Poultry oil 2.25 2.45
Poultry by-product meal 5.00 5.00

(66% CP)
Dicalcium phosphate 1.30 1.05
Calcium carbonate 1.00 0.90
Sodium chloride 0.48 0.46
DL-Methionine 0.25 0.16
L-Lysine�HCl 0.23 0.13
Mineral and vitamin premix2 0.25 0.25
Copper sulfate 0.04 0.04
Zinc sulfate 0.01 0.01
Coccidostat3 0.08 0.08
Choline chloride 0.01 —
Total 100.00 100.00

Calculated analysis
ME, kcal/kg 3,085 3,140

CP, % 22.5 21.0
TSAA, % 0.98 0.88
Lysine, % 1.36 1.18

1Diet characterized as being formulated to high (H) amino
acid density specifications. Calculated calcium, available
phosphorus, and choline were 0.94%, 0.47%, and 1,700 ppm
and 0.84%, 0.42%, and 1,600 ppm in the starter and grower
diets, respectively. Actual CP concentrations were 22.0 and
20.6%, respectively, in the starter and grower diets.
2Vitamin and mineral premix include per kilogram of diet:
vitamin A (vitamin A acetate) 7,716 IU; cholecalciferol
2,205 IU; vitamin E (source unspecified) 9.9 mg; menadione,
0.9 mg; B12, 0.01 mg; folic acid, 0.6 �g: choline, 379 mg;
D-pantothenic acid, 8.8 mg; riboflavin, 5.0 mg; niacin, 33
mg; thiamin, 1.0 mg; D-biotin, 0.06 mg; pyridoxine, 0.9 mg;
ethoxyquin, 28 mg; manganese, 55 mg; zinc, 50 mg; iron,
28 mg; copper, 4 mg; iodine, 0.5 mg; selenium, 0.1 mg.
3Coban 60, Elanco Products, Inc., Indianapolis, IN.

market weight than multipurpose strains. As a
result, primary breeding companies advocate
high nutrient density diets in their production
guides for these newly developed strains [2],
but recommendations are only provided for a
maximum bird weight of 3.0 kg. Because ap-
proximately 70% of the total feed usage occurs
after 5 wk of age with broilers marketed at 3.7
to 4.0 kg, broiler integrators tend to feed diets
formulated to lower amino acid specifications
as a means to reduce live production cost. When
assessing profitability, feed cost should be ex-
pressed per unit of meat produced and not solely
on live production cost. Defining amino acid

needs is economically important late in produc-
tion to ensure that amino acids are not fed in
excess, but not meeting dietary amino acid needs
can impair meat yield.

Providing diets formulated to high amino
acid density has been shown to optimize subse-
quent growth and meat yield responses [3, 4, 5,
6]. Formulating diets containing a relatively high
amount of CP and amino acids to the young
chick enhances nitrogen reserves for subsequent
development [7]. The response to increasing di-
etary amino acid density early in development
may relate to an increase in insulin-like growth
factor-I concentrations [8, 9], which in turn, in-
creases protein synthesis [10] leading to larger
muscle fiber diameter [11]. Skinner et al. [12]
reported that decreasing dietary amino acid den-
sity from 100 to 70% of amino acid recommen-
dations [13] from d 44 to 49 did not influence
growth rate, feed conversion, or carcass yield.
However, Skinner et al. [12] used a lower yield-
ing broiler compared with genetic strains cur-
rently available.

Modern broiler strains selected for breast
meat yield respond to diets formulated to a high
amino acid density throughout production [6,
14, 15]. Breast meat may be increased by 1.5 to
2.0 percentage points when feeding high amino
acid density diets throughout grow-out. How-
ever, carryover effects of dietary amino acid
density may occur from the starter and grower
periods to the withdrawal (WD) periods. There-
fore, feeding high amino acid density diets from
5 to 8 wk may not be warranted. Information is
lacking on feeding the Ross × Ross 708 [16]
broiler high amino acid density diets early in
life and decreasing dietary amino acid density
beyond 5 wk of age on growth performance
and meat yield. This study examined growth
performance, meat yield, and economics of Ross
× Ross 708 broilers provided 6 dietary treat-
ments from 36 to 59 d.

MATERIALS AND METHODS

Bird Husbandry

Two identical trials were conducted. In each
trial, 1,560 1-d-old Ross × Ross 708 [16] broiler
chicks were purchased from a commercial hatch-
ery and randomly distributed into 30 floor pens
(26 males and 26 females; 0.07 m2/bird) of a
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Table 2. Ingredient and calculated nutrient composition of diets provided to male and female broilers from 36 to
59 d of age

WD1 (36 to 47 d) WD2 (48 to 59 d)

Ingredient, % H1 M2 L3 H M L

Ground corn 66.86 71.96 76.71 72.16 74.25 78.36
Soybean meal (48% CP) 22.22 17.99 14.08 17.40 15.72 12.35
Poultry oil 3.35 2.40 1.53 2.73 2.36 1.61
Poultry by-product meal (66% CP) 5.00 5.00 5.00 5.00 5.00 5.00
Dicalcium phosphate 0.81 0.83 0.86 0.84 0.85 0.87
Calcium carbonate 0.80 0.81 0.81 0.81 0.81 0.82
Sodium chloride 0.46 0.46 0.46 0.46 0.46 0.46
DL-Methionine 0.14 0.15 0.14 0.14 0.13 0.11
L-Lysine�HCl 0.06 0.08 0.09 0.16 0.11 0.11
Mineral and vitamin premix4 0.25 0.25 0.25 0.25 0.25 0.25
Copper sulfate 0.05 0.05 0.05 0.05 0.05 0.05
Zinc sulfate 0.01 0.01 0.01 0.01 0.01 0.01
Total 100.00 100.00 100.00 100.00 100.00 100.00

Calculated analysis
ME, kcal/kg 3,220 3,220 3,220 3,240 3,240 3,240
CP, % 19.8 18.2 16.7 18.0 17.3 16.0
TSAA, % 0.83 0.80 0.75 0.78 0.75 0.70
Lysine, % 1.05 0.95 0.85 1.00 0.91 0.82
Digestible lysine, % 0.93 0.84 0.75 0.89 0.80 0.72
Digestible TSAA, % 0.73 0.70 0.66 0.69 0.65 0.61
Digestible threonine, % 0.64 0.58 0.53 0.58 0.55 0.51
Digestible valine, % 0.80 0.73 0.67 0.72 0.69 0.64
Digestible isoleucine, % 0.71 0.64 0.57 0.63 0.60 0.54

1Diet characterized as being formulated to high (H) amino acid density concentrations. Calculated calcium, available
phosphorus, and choline were 0.74%, 0.37%, and 1,400 ppm. Actual CP concentrations were 19.5 and 17.3%, respectively,
in the withdrawal (WD1 and WD2) diets.
2Diet characterized as being formulated to moderate (M) amino acid density concentrations. Calculated calcium, available
phosphorus, and choline were 0.74%, 0.37%, and 1,400 ppm. Actual CP concentrations were 18.2 and 16.6%, respectively,
in the WD1 and WD2 diets.
3Diet characterized as being formulated to low (L) amino acid density concentrations. Calculated calcium, available phosphorus,
and choline were 0.74%, 0.37%, and 1,400 ppm. Actual CP concentrations were 16.3 and 15.8%, respectively, in the WD1
and WD2 diets.
4Vitamin and mineral premix include per kilogram of diet: vitamin A (vitamin A acetate) 7,716 IU; cholecalciferol 2,205
IU; vitamin E (source unspecified) 9.9 mg; menadione, 0.9 mg; B12, 0.01 mg; folic acid, 0.6 �g; choline, 379 mg; D-
pantothenic acid, 8.8 mg; riboflavin, 5.0 mg; niacin, 33 mg; thiamin, 1.0 mg; D-biotin, 0.06 mg; pyridoxine, 0.9 mg;
ethoxyquin, 28 mg; manganese, 55 mg; zinc, 50 mg; iron, 28 mg; copper, 4 mg; iodine, 0.5 mg; selenium, 0.1 mg.

solid-sided facility. Chicks from both trials orig-
inated from eggs produced by the same breeder
flock only 2 wk apart. Vaccinations for Marek’s
disease, Newcastle disease, and infectious bron-
chitis were administered at the hatchery, and
vaccination against infectious bursal disease vi-
rus was given at 12 d of age. Each pen was
equipped with 1 pan feeder, a nipple waterer
line having 9 nipples (flow rate = 35 mL/min
for 1 to 35 d; 70 mL/min for 36 to 59 d of age),
and fresh pine shavings. A feeder lid was placed
in each pen from 1 to 7 d to ensure chicks had
adequate access to feed. Feed and water were
available to the birds for ad libitum consump-
tion. Temperature was maintained at 33°C at

placement and reduced as the birds progressed
in age with a final temperature of 14°C at 56 d
[17]. The lighting schedule used was intended
not to restrict early growth [18].

Dietary Treatments

Common diets were provided from 1 to 35
d of age (Table 1). At 36 d of age, 6 feeding
treatments were fed until 59 d of age. Birds were
given a 4-phase feeding regimen consisting of
starter (1 to 17 d), grower (18 to 35 d), WD1
(36 to 47 d), and WD2 (48 to 59 d). The diets
in the starter and grower periods were high (H)
amino acid density and those in WD1 and WD2
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Table 3. Live performance responses of male and female broilers provided varying in dietary amino acid density
(high, moderate, and low; H, M, and L) from placement to 47 d of age (WD1)1

BW gain FC2 Mortality
Dietary treatments BW (g) (g) (g) FG3 (%)

HHH4 3,123a 3,077a 5,391b 1.751b 2.5
HHM5 3,139a 3,093a 5,454ab 1.766b 2.5
HHL6 3,074b 3,028b 5,495a 1.815a 3.0
SEM 18 18 38 0.007 0.8
Least significant difference (critical value) 47 47 103 0.019 2.1

Probabilities
Planned contrasts

HHL vs. HHM 0.0025 0.003 0.421 0.0001 0.602
HHH vs. HHM 0.307 0.311 0.064 0.055 0.999

a,bMean values within a column with no common letters are significantly different (P < 0.05) as a result of a least significance
difference comparison.
1Values represent least squares means of 10 replicate pens with each having 52 chicks (26 males and 26 females) at placement.
Average chick weight at placement was 46 g.
2FC = Feed consumption per bird.
3FG = Feed conversion corrected for mortality.
4Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
and 19.8% CP, 0.83% TSAA, and 1.05% lysine, in the starter, grower, and withdrawal (WD1) periods, respectively.
5Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
and 18.2% CP, 0.80% TSAA, and 0.95% lysine, in the starter, grower, and WD1 periods, respectively.
6Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
and 16.7% CP, 0.75% TSAA, and 0.85% lysine, in the starter, grower, and WD1 periods, respectively.

were formulated to H, moderate (M), and low
(L) amino acid densities that would be used in
commercial practice [6] (Table 2). The 6 feeding
treatments throughout the 59-d production pe-
riod were: HHLL, HHML, HHMM, HHHH,
HHHM, and HHHL. The HHML treatment, for
example, was H amino acid density for starter
and grower periods (HH), M amino acid density
for WD1, and L amino acid density for WD2.

The NRC [19] recommends 1.0% dietary
lysine from 21 to 42 d and 0.85% dietary lysine
during 42 to 56 d. Regimen HHHH exceeded
NRC lysine recommendations from 21 to 42 and
42 to 56 d. Regimen HHMM was below the 21-
to 42-d NRC lysine recommendation during the
21- to 42-d period, but exceeded the NRC lysine
recommendation from 42 to 56 d. Regimen
HHLL was below NRC lysine recommendations
from 21 to 42 and 42 to 56 d. Regimens HHHM,
HHHL, and HHML were intermediate in lysine
content when compared with regimens HHHH,
HHMM, and HHLL. All regimens exceeded
NRC recommendations for TSAA during 21 to
56 d of age.

Measurements

Birds and feed were weighed by pen at 1,
17, 35, 47, and 59 d of age. Feed consumption

was divided by BW on a bird basis to calculate
feed conversion ratio. The incidence of mortality
was recorded daily. At 60 d of age, 12 birds per
pen (6 males and 6 females) were randomly
selected for processing and placed in transporta-
tion coops. Feed was removed from each pen
12 h before processing. Birds were electrically
stunned, bled with a knife by severing the jugular
vein, scalded, defeathered, and manually evis-
cerated. Carcasses and abdominal fat were
weighed and carcasses were chilled in ice for 24
h. Front halves were deboned. Boneless, skinless
breast fillets and tenders (pectoralis major and
pectoralis minor muscles) were weighed. Car-
cass, breast fillets, breast tenders, abdominal fat,
and total white meat (breast fillets + breast ten-
ders) yields were calculated relative to final BW.

Economics

Sensitivity analysis was performed to deter-
mine gross feeding margin on a carcass and
total white meat basis. The sensitivity analysis
includes a wide range of diet cost and meat
prices that allow the determination of an opti-
mum dietary treatment of a given scenario based
on diet cost and meat prices. Twenty-four sce-
narios were developed to estimate gross feeding
margin per bird based on diet cost and meat
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Table 4. Live performance responses of male and female broilers provided varying in dietary amino acid density
(high, moderate, and low; H, M, and L) from placement to 59 d of age (WD2)1

BW gain FC2 Mortality
Dietary treatments BW (g) (g) (g) FG3 (%)

HHHH4 3,953 3,908 7,520 1.923c 3.8
HHHM5 3,955 3,909 7,615 1.947b 2.7
HHHL6 3,884 3,838 7,529 1.963b 3.9
HHMM7 3,957 3,911 7,616 1.948b 3.5
HHML8 3,919 3,873 7,579 1.958b 3.3
HHLL9 3,900 3,855 7,667 1.990a 4.1
SEM 30 30 56 0.008 0.9
Least significant difference (critical value) 83 83 156 0.022 9.5

Probabilities
Planned contrasts

HHHH, HHHM, HHHL, HHMM, HHML vs. HHLL 0.322 0.323 0.132 0.0001 0.508
HHHH, HHHM, HHHL, HHMM vs. HHML, HHLL 0.825 0.821 0.146 0.001 0.830
HHML vs. HHMM 0.347 0.343 0.619 0.349 0.900
HHMM vs. HHHH 0.940 0.940 0.218 0.026 0.797
HHHH vs. HHHM 0.990 0.986 0.225 0.032 0.394

a–cMean values within a column with no common letters are significantly different (P < 0.05) as a result of a least significance
difference comparison.
1Values represent least squares means of 10 replicate pens with each having 52 chicks (26 males and 26 females) at placement.
Average chick weight at placement was 46 g.
2FC = Feed consumption per bird.
3FG = Feed conversion corrected for mortality.
4Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
19.8% CP, 0.83% TSAA, and 1.05% lysine, and 18.0% CP, 0.78% TSAA, and 1.00% lysine in the starter, grower, WD1,
and WD2 periods, respectively.
5Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
19.8% CP, 0.83% TSAA, and 1.05% lysine, and 17.3% CP, 0.75% TSAA, and 0.91% lysine in the starter, grower, WD1,
and WD2 periods, respectively.
6Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
19.8% CP, 0.83% TSAA, and 1.05% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1,
and WD2 periods, respectively.
7Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
18.2% CP, 0.80% TSAA, and 0.95% lysine, 17.3% CP, 0.75% TSAA, and 0.91% lysine in the starter, grower, WD1, and
WD2 periods, respectively.
8Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
18.2% CP, 0.80% TSAA, and 0.95% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1,
and WD2 periods, respectively.
9Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
16.7% CP, 0.75% TSAA, and 0.85% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1,
and WD2 periods, respectively.

prices. Base diet cost was estimated on south-
eastern United States ingredient prices as of
March 2005. Diet cost among the treatments
for the ingredient prices as of March 2005 was
considered the base price (100%) and was de-
creased to 80% of the base price and increased
to 120% of the base price to reflect market fluc-
tuations occurring during a 12-mo period. Base
meat prices were $1.32/kg, $3.32/kg, and $3.97/
kg to represent carcass, breast fillet, and breast
tender prices, respectively. Meat prices varied
from 70 to 130% of base prices for carcass,
breast fillets, and breast tenders. Gross feeding
margin per bird was calculated as output (meat

price × meat weight) minus input (feed cost =
diet cost × feed consumption) [20].

Statistics

Data were statistically evaluated by the GLM
[21] in a randomized complete block design.
Pen was considered the experimental unit. Each
treatment was represented by 10 replicate pens
(5 replicate pens/trial). Five orthogonal contrasts
were used to separate treatment means. In addi-
tion, least significant difference comparison was
used to separate treatment means. Statistical sig-
nificance was considered at P ≤ 0.05.
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Table 5. Carcass yield of male and female broilers provided varying in dietary amino acid density (high, moderate,
and low; H, M, and L) from placement to 59 d of age1

Carcass Abdominal fat

Dietary treatments BW (g) Weight2 (g) Yield3 (%) Weight (g) Yield3 (%)

HHHH4 3,867 2,653 68.6 92b 2.37b

HHHM5 3,876 2,668 68.8 92b 2.36b

HHHL6 3,842 2,631 68.5 97ab 2.50ab

HHMM7 3,887 2,665 68.6 98ab 2.52ab

HHML8 3,869 2,645 68.4 101a 2.63a

HHLL9 3,884 2,654 68.4 102a 2.63a

SEM 32 26 0.3 3 0.06
Least significant difference (critical value) 88 71 0.8 7 0.17

Probabilities
Planned contrasts

HHHH, HHHM, HHHL, HHMM, HHML vs. HHLL 0.659 0.941 0.500 0.016 0.023
HHHH, HHHM, HHHL, HHMM vs. HHML, HHLL 0.483 0.822 0.399 0.0009 0.0009
HHML vs. HHMM 0.668 0.568 0.628 0.364 0.357
HHMM vs. HHHH 0.665 0.726 0.985 0.099 0.076
HHHH vs. HHHM 0.853 0.672 0.527 0.972 0.960

a,bMean values within a column with no common letters are significantly different (P < 0.05) as a result of a least significance
difference comparison.
1Values represent least squares means of 10 replicate pens with each representing 12 carcasses (6 males and 6 females).
2Carcasses without necks and giblets after 24 h static chilling.
3Yield is relative to BW.
4Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
19.8% CP, 0.83% TSAA, and 1.05% lysine, and 18.0% CP, 0.78% TSAA, and 1.00% lysine in the starter, grower, WD1,
and WD2 periods, respectively.
5Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
19.8% CP, 0.83% TSAA, and 1.05% lysine, and 17.3% CP, 0.75% TSAA, and 0.91% lysine in the starter, grower, WD1,
and WD2 periods, respectively.
6Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
19.8% CP, 0.83% TSAA, and 1.05% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1,
and WD2 periods, respectively.
7Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
18.2% CP, 0.80% TSAA, and 0.95% lysine, 17.3% CP, 0.75% TSAA, and 0.91% lysine in the starter, grower, WD1, and
WD2 periods, respectively.
8Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
18.2% CP, 0.80% TSAA, and 0.95% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1,
and WD2 periods, respectively.
9Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
16.7% CP, 0.75% TSAA, and 0.85% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1,
and WD2 periods, respectively.

RESULTS AND DISCUSSION

Analysis of the experimental diets deter-
mined that the actual composition of CP was
lower than the calculated values (Tables 1 and
2). Data were pooled from the 2 trials because
trial × treatment interactions were not different
(P ≥ 0.80) for the variables measured. The 2
trials were conducted from January to March
2005 and ambient temperature in the experimen-
tal facility was favorable throughout the 59-d
production period [22]. The grand means for
BW and feed conversion were 550 g and 1.31
(1 to 17 d) and 2,004 g and 1.58 (1 to 35 d),

respectively, indicating that the birds had favor-
able growth and feed conversion before initia-
tion of the experimental periods.

Decreasing dietary amino acid density dur-
ing 36 to 47 d (WD1) from HHH to HHM did not
alter growth performance (Table 3). However,
reducing dietary amino acid density from HHH
and HHM to HHL limited growth rate and ad-
versely affected feed conversion. Dietary amino
acid density did not influence the incidence of
mortality. Feeding the HHHH regimen through
WD2 improved cumulative feed conversion over
birds provided HHHM, HHHL, HHMM,
HHML, and HHLL regimens (Table 4). Dietary
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Table 6. Boneless, skinless, breast meat yield of male and female broilers provided varying in dietary amino acid
density (high, moderate, and low; H, M, and L) from placement to 59 d of age1

Pectoralis major Pectoralis minor Total breast

Weight Yield2 Weight Yield2 Weight Yield2

Dietary treatments (g) (%) (g) (%) (g) (%)

HHHH3 680 17.6a 144a 3.72b 824 21.3a

HHHM4 681 17.6a 142ab 3.67ab 823 21.2ab

HHHL5 665 17.3ab 140ab 3.65ab 805 20.9bc

HHMM6 676 17.4ab 143ab 3.68ab 820 21.0ab

HHML7 672 17.4ab 140ab 3.62ab 812 21.0ab

HHLL8 663 17.1b 139b 3.57a 802 20.6c

SEM 9 0.1 2 0.04 10 0.1
Least significant difference (critical value) 24 0.4 5 0.12 26 0.4

Probabilities
Planned contrasts

HHHH, HHHM, HHHL, HHMM, HHML vs. HHLL 0.214 0.014 0.133 0.042 0.156 0.002
HHHH, HHHM, HHHL, HHMM vs. HHML, HHLL 0.499 0.057 0.333 0.109 0.419 0.017
HHML vs. HHMM 0.690 0.824 0.255 0.276 0.547 0.549
HHMM vs. HHHH 0.792 0.338 0.741 0.487 0.751 0.237
HHHH vs. HHHM 0.903 0.981 0.484 0.330 0.965 0.725

a–cMean values within a column with no common letters are significantly different (P < 0.05) as a result of a least significance
difference comparison.
1Values represent least squares means of 10 replicate pens with each representing 12 carcasses (6 males and 6 females).
2Yield is relative to BW.
3Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
19.8% CP, 0.83% TSAA, and 1.05% lysine, and 18.0% CP, 0.78% TSAA, and 1.00% lysine in the starter, grower, WD1,
and WD2 periods, respectively.
4Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
19.8% CP, 0.83% TSAA, and 1.05% lysine, and 17.3% CP, 0.75% TSAA, and 0.91% lysine in the starter, grower, WD1,
and WD2 periods, respectively.
5Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
19.8% CP, 0.83% TSAA, and 1.05% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1,
and WD2 periods, respectively.
6Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
18.2% CP, 0.80% TSAA, and 0.95% lysine, 17.3% CP, 0.75% TSAA, and 0.91% lysine in the starter, grower, WD1, and
WD2 periods, respectively.
7Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
18.2% CP, 0.80% TSAA, and 0.95% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1,
and WD2 periods, respectively.
8Diets were formulated to contain 22.5% CP, 0.98% TSAA, and 1.36% lysine, 21.0% CP, 0.88% TSAA, and 1.18% lysine,
16.7% CP, 0.75% TSAA, and 0.85% lysine, and 16.0% CP, 0.70% TSAA, and 0.82% lysine in the starter, grower, WD1,
and WD2 periods, respectively.

treatments did not affect 59-d BW, BW gain,
feed consumption, or the occurrence of mor-
tality.

In the current study, cumulative feed conver-
sion was increased by 2, 3, 4, 4, and 7 points,
respectively, as dietary amino acid density was
decreased from HH to HM, HH to MM, HH to
HL, HH to ML, and HH to LL from 36 to 59 d of
age, but BW gain was unaffected. In agreement,
previous research also found no differences in
BW gain from 6 to 8 wk of age in broilers
provided diets formulated to moderate or high
nutrient density [14, 15]. However, feeding an
H amino acid density diet to Ross × Ross 708

[16] did improve feed conversion by 4 points
from 45 to 55 d of age compared with birds fed
feeds formulated to an M amino acid density
[15]. The BW gain response to amino acid den-
sity appears to be more acute from 5 to 7 wk of
age than from 6 to 8 wk. Kidd et al. [6] fed diets
varying in amino acid density to Ross × Ross 508
broilers [16] during a 49-d production period.
Growth rate for broilers consuming diets formu-
lated to an amino acid density of H, M, and L
from 36 to 49 d of age was 1,000, 879, and 822
g, respectively.

Feeding diets differing in amino acid density
from 36 to 59 d of age did not alter the weight or
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yield of the whole carcass (Table 5). Decreasing
amino acid density from HHHH and HHHM to
HHML and HHLL increased the absolute and
relative yield of abdominal fat. In contrast, Kidd
et al. [15] reported no differences in abdominal
fat in broilers fed HH or MM diets from 36 to
55 d. Other research found less abdominal fat
with increasing amino acid density from 1 to 56
d of age [14].

Broilers provided HHHH diets had greater
breast fillet and total breast meat yield compared
with birds fed the HHLL regimen (Table 6).
However, broilers given the HHHM, HHMM,
and HHML regimens produced similar total
breast meat yield compared with birds provided
the HHHH feeding program. In agreement, de-
creasing dietary amino acid density from HH to
MM or ML from 36 to 55 d did not affect breast
meat yield [15]. The lysine content in the M
diets from 36 to 45 and 46 to 55 d reported by
Kidd et al. [15] was similar to H diets fed from
36 to 47 and 48 to 59 d in the current study.
Thus, the M diets provided from 36 to 55 d in
the study by Kidd et al. [15] may have met the
dietary amino acid needs of the bird and the
amino acids supplied by the H diets could have
been too high. Corzo et al. [14] found a 2.6%
proportional increase in breast meat yield (19.8
vs. 19.3%) with increasing dietary amino acid
density from 1 to 56 d. However, the 2.5% in-
crease in breast meat yield may have occurred
due to carryover effects of increasing amino acid
density during the first few weeks of the grow
out.

Sensitivity analysis of gross feeding margin
per bird indicated that changing meat and feed
prices affected the economic value of differences
in response to the dietary treatments (Table 7).
At base levels of diet cost and breast meat prices,
feeding the HHHH diets increased gross feeding
margin by $0.015, $0.047, $0.007, $0.011, and
$0.043/bird, respectively, compared with the

CONCLUSIONS AND APPLICATIONS
1. Increasing dietary amino acid density from 36 to 59 d improved cumulative feed conversion,

but did not alter final growth rate, feed consumption, and the incidence of mortality.
2. Feeding the HHHH regimen increased breast fillet yield, breast tender yield, and total breast

meat yield compared with broilers provided the HHLL regimen. Decreasing dietary amino
acid density to HHHM, HHMM, and HHML did not significantly affect the yield of saleable
white meat.

HHHM, HHHL, HHMM, HHML, and HHLL
regimens. These differences increase as breast
meat price increases. For example, with breast
meat prices at 130% of the base price, feeding
the HHHH regimen increased gross feeding mar-
gin by $0.016, $0.068, $0.014, $0.024, and
$0.066/bird compared with the HHHM, HHHL,
HHMM, HHML, and HHLL feeding programs,
respectively (with diet cost remaining at 100%
of the base price). Conversely, decreasing breast
meat prices reduced the economic differences
between treatments. By decreasing breast meat
prices to 80% of the base price, the return of
gross feeding margins was increased by $0.015,
$0.034, $0.005, $0.004, and $0.029/bird when
the HHHH program was given over the HHHM,
HHHL, HHMM, HHML, and HHLL regimens,
respectively (again, with diet cost at 100% of
the base price). Feeding the HHHH regimen with
diet cost and breast meat prices at 100% of the
base cost would generate an additional $7,000
and $11,000/wk for a complex processing 1 mil-
lion broilers compared with the HHMM and
HHML feeding programs, respectively.

Evaluating the dietary treatments using
breast meat prices at 100% and increasing diet
cost to 120% revealed that feeding the HHHH
regimen increased profits by $0.018, $0.043,
$0.006, $0.006, $0.037/bird, respectively, com-
pared with the HHHM, HHHL, HHMM,
HHML, and HHLL feeding regimens. When diet
cost was 80% and breast meat prices were at
100% of the base prices, broilers fed the HHHH
had an increase of gross feeding margin per bird
of $0.012, $0.051, $0.009, $0.017, and $0.049,
respectively, compared with broilers given the
HHHM, HHHL, HHMM, HHML, and HHLL
feeding treatments. As diet cost increased to
120% of the base price with breast prices held
at 100% of base price, decreasing amino acid
density from HHHH to HHMM only reduced
gross feeding margin by $0.006/bird.
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3. In general, broilers given the HHHH regimen had greater gross feeding margin than the other
dietary treatments. However, as breast meat prices increased, the difference of gross feeding
margin was more pronounced when feeding H amino acid density diets from 36 to 59 d of age.

4. Consideration to breast meat prices and diet cost should be given collectively when establishing
commercial feeding programs for broilers grown to heavy market weights.
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